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Several studies suggest that pragmatic skills (PS) (i.e., social communication) deficits may 
be linked to executive dysfunction (i.e., cognitive processes required for the regulation 
of new and complex behaviors) in patients with frontal brain injuries. If impairment of 
executive functions (EF) causes PS deficits in otherwise healthy adults, could this mean 
that EF are necessary for the normal functioning of PS, even more so than cognitive 
maturation? If so, children with highly developed EF should exhibit higher levels of PS. 
This study aimed to examine the link between EF and PS among normally developing 
children. A secondary goal was to compare this relationship to that between intellectual 
quotient (IQ) and PS in order to determine which predictor explained the most variance. 
Participants were 70 French-speaking preschool children (3;10-5;7 years old). The PS 
coding system, an observational tool developed for this study, was used to codify the 
children's PS during a semi-structured conversation with a research assistant. Five types 
of EF processes were evaluated: self-control, inhibition, flexibility, working memory and 
planning. IQ was estimated by tallying the scores on a receptive vocabulary test and a 
visuoconstructive abilities test. The results of the test of differences between correlation 
coefficients suggest that EF contributed significantly more than IQ to the PS exhibited by 
preschoolers during conversation. More specifically, higher inhibition skills were correlated 
with a decrease in talkativeness and assertiveness. EF also appeared to foster quality of 
speech by promoting the ability to produce fluid utterances, free of unnecessary repetition 
or hesitation. Moreover, children with a high working memory capacity were more likely 
to formulate contingent answers and produce utterances that could be clearly understood 
by the interlocutor. Overall, these findings help us better understand how EF may assist 
children in everyday social interactions. 



Keywords: pragmatic skills, communication, executive functions, vocabulary, visuoconstructive abilities, cognitive 
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INTRODUCTION 

Pragmatic skills (PS) in children refer to the ability to use com- 
munication strategies in social interactions (Owens, 2011). These 
skills contribute to children's psychosocial adjustment and aca- 
demic achievement (Ervin-Tripp, 1978; McKown, 2007; Coplan 
and Weeks, 2009; Brinkman et al, 2013). Russell and Grizzle 
(2008) examined 24 instruments used to assess PS among chil- 
dren and adolescents in order to identify the core domains 
of PS. They found just over 1000 different items in these 
instruments, which they grouped into 17 domains and fur- 
ther classified into three sets: (1) Precursors/enablers (e.g., non- 
verbal communication; discourse attentiveness and empathy; 
speech characteristics and fluency), (2) Basic exchanges/rounds 
(e.g., conversational turn taking; topic control and maintenance; 
requests), (3) Extended literal and non-literal discourse (e.g., 
negotiations, directions, and instructions; theory of mind; nar- 
rative; Gricean principles) (Russell and Grizzle, 2008). Although 
this classification is helpful, there is still no empirical finding 



corroborating such a categorization. In fact, Russell and Grizzle 
(2008) reported that almost none of the authors who constructed 
the instruments they inventoried had performed factorial anal- 
yses. Thus, in order to describe the empirical dimension of PS, 
specifically among preschoolers, the authors of the present study 
carried out a systematic literature review and performed a fac- 
tor analysis (Blain-Briere et al., submitted). They concluded that 
preschoolers' PS can be divided into five categories: conver- 
sational complexity, talkativeness, assertiveness, communicative 
control and responsiveness. 

Studying the development of this five categories of PS in 
preschooler, a year or two prior to the school commencement, 
is crucial because it is around this age that children start to play 
interactively with each other (Smith, 2003). Their ability to man- 
ifest PS will shape their early socialization experiences, influence 
their social acceptance and help them develop their socials skills 
(Black and Hazen, 1990; McKown, 2007). By preschool age, chil- 
dren have already mastered a wide range of PS (Adams, 2002). 



www.frontiersin.org 



March 2014 | Volume 5 | Article 240 | 1 



Blain-Briere et al. 



Pragmatics and executive functions 



By age 1, they know how to request something by pointing to 
it (Carpenter et al., 1998; Liszkowski et al, 2004). Between the 
age of 2 and 4, Martinez (1987) shows that children's speech 
contains more turnabout, namely a utterance that have the dual 
function of responding to the speaker and restarting the conver- 
sation. Pellegrini et al. (1987) note also that children of this age 
tend to exchange more utterances with their interlocutor, from 
around 14 utterances per minute at age 2 to about 22 utterances 
per minute at age 3-4. By about age 3, they can already adapt 
their speech to an interlocutor (Dunn and Kendrick, 1982). Sachs 
et al. (1991) showed that at age 3, children have a tendency to 
ask adults questions regardless if it is an appropriate time to do 
it, whereas most children by age 5 are able to wait until the adult 
has finished speaking before querying them. Some abilities, such 
as understanding figurative speech, are not completely acquired 
until adolescence or even adulthood (Nippold, 1985; Ervin-Tripp 
et al, 1990; Spector, 1996). 

Developmental studies have thus shown that children are con- 
stantly required to manifest PS, and that these skills become 
increasingly cognitively demanding as they get older. Could cog- 
nitive factors therefore play a role in the acquisition of PS? For 
instance, before children are able to wait their turn to speak, 
surely they must first acquire the ability to inhibit a response. 
In order words, inhibition skills, a cognitive process involved in 
executive functioning, would need to be sufficiently developed 
before a child could refrain from speaking during his interlocu- 
tor's speaking turn. In brief terms, executive functions (EF) are 
defined as the mechanisms that regulate cognition by modulating 
the operation of a variety of cognitive processes including inhi- 
bition, but also working memory (WM), flexibility and planning 
(Lehto et al, 2003; Blair et al, 2005). Yet, while the involvement 
of cognitive processes such as EF in PS seems logical, to date, 
few authors have investigated this relationship among typically 
developing children. 

In adults, PS deficits (e.g., excessive talkativeness, subject shift- 
ing, problems understanding indirect questions) following a pre- 
frontal brain injury are well-documented in the literature (Martin 
and McDonald, 2003; Douglas, 2010; Dardier et al, 201 1). Several 
studies have found that PS deficits are correlated with execu- 
tive dysfunction in patients with traumatic brain injury (TBI) 
(McDonald and Pearce, 1996, 1998; Channon and Watts, 2003; 
Douglas, 2010). This correlation implies that EF are necessary for 
the normal functioning of PS. Based on this premise, it seems 
probable that EF may also contribute to the acquisition of PS 
in normally developing children (Blain-Briere et al., submitted). 
Therefore, children with well-developed EF should exhibit better 
PS than other peers of the same age. Of course, these deduc- 
tions are theoretical and need to be proven. Yet, there is evidence 
supporting them. For instance, children with executive dysfunc- 
tion, caused by a neurodevelopmental disease such as attention 
deficit hyperactivity disorder (ADHD) (Humphries et al, 1994; 
Bruce et al, 2006) or autism (Ozonoff, 2001; Norbury et al, 2004; 
Bishop and Norbury, 2005; Reisinger, 2011; Schuh, 2012), have 
been found to exhibit PS deficits. 

Even among normally developing children, according to 
Nilsen and Graham (2009) and Schuh (2012), there is proof of 
a correlation between EF and PS. To evaluate PS, these authors 



used a similar referential communication experimental protocol 
that specifically measured how children used speech to signify 
things in the world. In this task, the participant was typically 
asked by the examiner to choose an object from an array of 
objects. The participant had to take into account the context of 
the situation such as what the examiner could see from his posi- 
tion. For instance, if the examiner could not see the red object 
from where he was standing, the participant would conclude that 
the object asked for was not red. In their study among typically 
developing children aged 3-5 years, Nilsen and Graham (2009) 
noted that inhibition contributed to the children's ability to con- 
sider the perspective of the examiner when choosing the right 
object. Their interpretation was that inhibition allowed the chil- 
dren to inhibit their own perspective in order to consider the 
viewpoint of the examiner (Nilsen and Graham, 2009). Schuh 
(2012) also used a referential communication task to study the 
influence of WM among typically developing children aged 8-17 
years. She demonstrated that children with a higher WM capac- 
ity responded more accurately to their partner's request because 
they were able to take into account information that the lat- 
ter did not know about the situation. The results of Nilsen and 
Graham (2009) and Schuh (2012) show that inhibition and WM 
may increase the ability to interpret the perspective of others. 
Consequently, children with highly developed EF may be better 
at grasping the speech of their interlocutor, especially when it 
is ambiguous, and respond accordingly. This gain in responsive- 
ness during conversation could mean that EF increase PS among 
children. However, as pointed out by Bishop and Adams (1991), 
referential communication tasks are not necessarily representative 
of how children communicate in an unstructured conversational 
setting. These authors demonstrated, for instance that children 
who provided excessive and irrelevant information in such a task 
did not act the same way during open-ended conversation. Hence, 
the link between PS and EF needs to be demonstrated in a more 
natural context in order to confirm that EF truly benefit chil- 
dren in conversation. To date, very few studies have examined 
the relationship between EF and PS through a direct observa- 
tion measure of PS (Jagot et al., 2001). An observational research 
design is needed to confirm that children do indeed rely on EF in 
their everyday social interactions. 

Moreover, it is important to note that EF are not the only 
cognitive processes thought to contribute to PS. In fact, pre- 
vious research has shown that vocabulary, visuoconstructive 
abilities and intellectual quotient (IQ) may also be related to 
PS (McDonald, 2000; Bonifacio et al, 2007; McKown, 2007). 
Nevertheless, regression analyses have demonstrated that EF may 
make a unique contribution to the PS of children, even after con- 
trolling for vocabulary size and age (Nilsen and Graham, 2009). 
However, while regression analyses may prove that EF explain 
a unique part of the variance, they cannot tell which predictor, 
among vocabulary, visuoconstructive abilities, IQ and EF, has the 
strongest relationship with PS. On the other hand, a test of differ- 
ences between correlations would make it possible to determine 
the relative role played by each predictor and whether these dif- 
ferences are significant. Such an analysis would allow answering 
the question of (1) whether overall cognitive maturation (e.g., 
vocabulary, visuoconstructive abilities and IQ) has more or less 
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the same influence on PS as EF or (2) whether each EF process 
plays a specific role in PS which is significantly different from that 
played by other cognitive processes. 

The above-cited TBI and general population studies have 
another shortcoming when it comes to demonstrating a link 
between PS and EF. They usually use a very limited number of 
measures of PS and/or EF. Douglas (2010), for instance, mea- 
sured only EF in the verbal domain [verbal fluency (FAS), verbal 
memory (RAVLT) and speed and capacity of language-processing 
(SCOLP)]. Nilsen and Graham (2009) and Schuh (2012), for their 
part, measured only PS related to referential communication. 
Consequently, these authors could not show exactly how each EF 
process may contribute to each PS separately. 

To further our understanding of the possible role played by EF 
in the normal acquisition of PS, this study aimed to examine the 
link between EF and PS among typically developing preschoolers. 
This study was innovative insofar as it used a direct observational 
tool to evaluate PS in order to assess how EF might influence the 
PS of children in their everyday social interactions. Moreover, a 
test of differences between correlations helped us to understand 
to what extent the link between EF and PS is different from the 
relationship between an IQ estimate and PS. This study also adds 
to previous work in the field by using a wide range of variables to 
measure PS (14 variables) and EF (self-control, inhibition, WM, 
flexibility and planning). 

MATERIALS AND METHODS 
PARTICIPANTS 

The study sample consisted of 70 French speaking children (34 
girls and 36 boys) with an average age of 4 and a half years 
(55.2 months, SD = 4.5 months, 3;10-5;7 years). They were all 
recruited from a subsidized childcare center in a class designed 
for children who will enter the school system in a year or two. 
In order to participate, the children's language had to be devel- 
oping normally based on the information reported by their 
childcare provider and the results of a receptive vocabulary task. 
Eighty children were initially recruited, 10 of whom could not 
be included in the study, either because of suspected language 
delays (4 subjects), because the child was absent when the testing 
took place (3 subjects) or as a result of technical problems dur- 
ing the video recording of the conversation sample (3 subjects). 
As for the sociodemographic characteristics of the participants, 
30.6% lived in a household with an income of less than $30,000, 
while the household income for 28.7% was $30,000-70,000, for 
28.1% was $70,000-100,000, and for 28.1% exceeded the thresh- 
old of $100 000. As for the level of education of the participants' 
mothers, 3.1% of mothers had not completed high school (11 
grades in Quebec, Canada), 9.4% had at most a high school edu- 
cation, 12.5% had a vocational school diploma, 26.6% had a 
college education and 48.4% had a university degree. 

MATERIALS 

Pragmatic skills 

The Grille d' observation des habiletes pragmatiques des enfants 
d'age prescolaire (Pragmatic Skills Coding System — Preschool 
Version (PSCS-P) (Blain-Briere et al., submitted) was used to 
measure PS. This instrument was developed after three years of 



research by the authors of this article in order to palliate for 
the lack of validated observational tools for assessing PS among 
preschoolers. The PSCS-P measures 14 PS parameters during 
a semi-structured conversation with an examiner. The param- 
eters were developed by selecting variables from 21 utterance 
coding systems, themselves retrieved from a systematic literature 
review. To ensure content quality of the parameters selected, inde- 
pendents expert's advices were solicited and factor analysis were 
performed. Table 1 describes how these variables were codified 
and their Intraclass correlation coefficient (ICC) measured in the 
validation process on a sample of 18 participants. It also presents 
the five scales that they are associated with and their coher- 
ence coefficients. This observational protocol, based on a make 
believe picnic game, was inspired by the Peanut Butter Protocol 
(Creaghead, 1984). The examiner follows a protocol whereby he 
invites the child, in a natural way, to express 23 communicative 
intentions or rules of communication. For example, the exam- 
iner may probe the communicative intention "request for action" 
by asking the child to open a bottle of juice with a cap that can- 
not be opened by children. The examiners are trained to follow 
the children's lead if the situation presents itself (e.g., if the chil- 
dren ask a question) in order to promote a natural conversation, 
while continuing to follow the protocol as they go along. Each of 
the first 50 utterances produced by the child is coded according 
to the presence or absence of criteria pertaining to the 14 vari- 
ables of the PSCS-P, except for the variables "number of words 
per minute" and "number of utterances per minute," for which 
the numbers are tallied. The speech samples of this study were 
codified by the same person (the principal author) to increase 
the reliability of this measure. The results are then compiled into 
an Excel file and formulas are used to convert the results into a 
percentage of success. 

Executive functions 

Four neuropsychological tests were used to assess self-control, 
inhibition, flexibility, WM, and planning. Although these tests are 
not commercialized tools, they are frequently used in research 
in the absence of tests with better psychometric properties for 
preschoolers (Monette and Bigras, 2008). 

The Prohibited Toy protocol was used to measure self-control 
ability (Rasmussen et al., 2008). This task correlates with other 
tests involving "hot" inhibition (Monette and Bigras, 2008), 
which refers to the cognitive process controlling decision-making 
that entails an emotional or motivational issue (Hongwanishkul 
et al., 2005; Zelazo and Muller, 2005). In the Prohibited Toy task, 
the examiner asks the child to turn his back so that they can 
play a guessing game. After two successful guesses (which animal 
corresponds to the sound made by a toy animal) the examiner 
announces to the child that he has to leave for a minute. Before 
leaving, the examiner asks the child not to look at the object 
behind him so that they may continue the guessing game upon 
the examiner's return. No points are awarded if the child looks at 
the object and one point is attributed if the child does not turn 
around to look. 

The Backwards Digit Span (BDS) was used to assess working 
memory in an auditory-verbal modality (Davis and Pratt, 1995). 
In Davis and Pratt's protocol (1995), the examiner demonstrates 
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Table 1 | Description of the pragmatic skills coding system — preschool version. 





Turnabout 


Percentage of utterances that have the dual function of responding to the interlocutor and restarting the 




conversation by adding information [e.g., "But" (response) "This glass will be mine." (expansion) (ICC = 0.67 a )]. 


Organization of utterances 


Percentage of utterances that link more than one piece of information (regarding people, objects, time, 




location, action, etc.) in a single utterance [e.g., "I'm (subject) gonna eat (action) grapes (object)." (ICC = 0.79)]. 


Number of new themes 


Percentage of utterances that produce new themes (ICC = 0.62). 


Abstraction level of themes 


Percentage of utterances that introduce themes that are decontextualized in time (e.g., I'm gonna go skiing 




this winter), place or reality (fictitious/fantasy) (e.g., You you're the mom and I'm the dad (ICC = 0.89). 




Number of words 


Number of words per minute (ICC = 1.00). 


Number of utterances 


Number of utterances per minute (ICC = 1.00). 


Number of utterances per speaking 


Percentage of utterances that express more than one utterance (separated by a delay of more than 2 s) per 


turn 


speaking turn (ICC = 0.93). 




Initiations 


Percentage of utterances that initiate conversation, rather than answering a question (ICC = 0.88). 


Requests 


Percentage of utterances that formulate requests (ICC = 0.56). 


Conversation breakdown repairs 


Percentage of utterances that repair conversation breakdowns (e.g., child: "Box.," research assistant: "What?," 




child: "The box." (ICC = 0.52). 


COMMUNICATIVE CONTROL SCALE i 




Fluidity 


Percentage of utterances that are free of involuntary and unnecessary repetition or hesitation (e.g., "I want 




the. . .the bottle") (ICC = 0.93). 


Non-interruption 


Percentage of utterances that do not interrupt the interlocutor (ICC = 0.72). 




Contingency 


Percentage of utterances that adequately respond to a request by the interlocutor (e.g., research assistant: 




"Will you play with the puzzle?," child: "OK.") (ICC = 0.81 ). 


Utterance clarity 


Percentage of utterances that express clear and understandable statement (ICC = 0.14 b ). 



a ICC, Intraclass correlation coefficient. The speech samples of this study were codified by the same person. However, the principal author and an undergraduate 
student codify eighteen speech samples separately during the validation process of the PSCS-F! in order to compute the ICC of each variable. 
b This variable's ICC is below the "fair" level of 0.40 suggested by Cicchetti (1994). But when the inter-rater reliability is calculated in terms of percentage of 
agreement, the rate of this variable still remains relatively high at 91%, even higher than other variables. The lack of variability in this variable seems to have reduced 
the ICC. 



to the child how to repeat a series of two numbers backwards 
using a puppet. The examiner then notes the longest series of 
numbers that the child manages to repeat backwards. The child 
is assigned a score of one if he fails to repeat two digits backwards, 
a score of two if he can recall two and so on. 

The Dimensional Change Card Sort (DCCS) was used to mea- 
sure flexibility (Zelazo, 2006). In this test, the examiner shows the 
child two target cards, a blue rabbit and a red boat, and asks the 
child to sort a set of cards, assigning each card either to the "red 
rabbit" pile or the "blue boat" pile. In the first phase, the child 
must sort the cards according to the shape of the objects on them. 
In the second phase, the child must sort the cards according to 
their colors. In the third phase, the child must alternate between 
sorting the cards by color and sorting them by shape. The child 
receives one point if he succeeds in the first phase, two for the 
second phase and three for the third phase. 

The Tower of Hanoi (ToH) was used to measure planning and 
inhibition (Welsh et al., 1991). In this test, the child must move 
three rings of increasing size around on three pegs. The aim is to 
reach the final position with all the rings in descending order on 
the peg to the right. This must be done within the least number 
of moves while observing three rules: ( 1 ) not to put a larger ring 
on top of a smaller one, (2) to move the rings one at a time and 



(3) not to place the rings anywhere but on the pegs. The exam- 
iner explains the rules using an analogy — referring to the rings as 
a family of squirrels (i.e., smaller = child, medium = mother and 
larger = father) — and a demonstration. The examiner then makes 
sure the child understands the rules by asking him to perform 
the allowed moves. The child is entitled to six trials for each new 
problem. If he finds the solution within the designated number of 
moves on the first trial, he is assigned 6 points. One point is sub- 
tracted each time the child needs an additional trial to solve the 
problem within the designated number of moves. If the child fails 
to solve the problem within the designated number of moves after 
six trials, the examiner does not administer the following prob- 
lems. The planning score is computed based on the total number 
of points, with a maximum score of 36 points (6 points for each 
of 6 problems). The inhibition score is computed by calculat- 
ing the number of illegal moves over the total number of trials 
played (Ahonniska et al., 2000). The term "inhibition" is used 
here to differentiate it from the self-control measure evaluated by 
the Prohibited Toy protocol. The inhibition score on the ToH can 
be considered a cool type of inhibition because, as opposed to 
the Prohibited Toy protocol, the goal of the task is more cognitive 
and has no emotional underpinning (Hongwanishkul et al., 2005; 
Zelazo and Muller, 2005). 
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A principal component analysis (PCA) was performed on the 
EF measures to ensure that it was statistically possible to cre- 
ate a composite score with these measures. The flexibility score, 
however, was removed from the composite score because of its 
lack of interindividual variability (see Table 2) and the absence 
of any significant correlation with the other EF measures (r = 
0.06 to 0.22, p > 0.05). The PCA resulted in a one-factor solu- 
tion, explaining 56.63% of the variance in the four remaining 
EF scores. Consequently, the composite score was computed by 
tallying the scores of each measures in standardized score. 

Estimated intellectual quotient 

The Peabody Picture Vocabulary Test — Revised (PPVT-R, French 
version) (Dunn et al., 1993) and the Block Design from the 
Wechsler Preschool and Primary Scale of Intelligence, 3rd edition 
(WPPSI-III) (Wechsler, 2002) were chosen to represent verbal 
(Fagan et al, 2007) and non-verbal IQ (Sattler, 2008). The PPVT- 
R evaluates receptive vocabulary. In this task, the child is presented 
with a set of four pictures. The examiner asks the child to point 
to the picture that corresponds to the word he says. The Block 
Design from the WPPSTIII was used to assess visuoconstructive 
abilities. In this test, the child is asked to reproduce several two- 
dimensional models with blocks, as fast as he can. The raw results 
of these tests were used for the purposes of analysis to facilitate 
comparison with the EF tests, for which normative data were not 
available. 

A second PCA was performed on the measures used to esti- 
mate IQ, namely, vocabulary and visuoconstructive abilities, with 
the objective of creating another composite score. A one-factor 
solution emerged explaining 61.52% of the variance. Thus, the 
PCA supported the aggregation of the results for vocabulary and 
visuoconstructive abilities into an IQ composite score. Again, 



results were computed by adding the scores for each of the 
measures in standardized score. 

PROCEDURE 

Participants were recruited in the fall of 2008. The participating 
children were recruited through five publicly funded childcare 
centers in the Montreal region. Parental consent for the partici- 
pants' participation in the research project was given following a 
request by email and phone. The instruments were administered 
by three psychology students who had received 15 h of training 
on the administration of the instruments. Each child was indi- 
vidually tested at his childcare center during two 45-min periods. 
The examiners administered the PPVT-R and the observational 
protocol of the PSCS-P on the first day of testing. On the second 
day, they administered, in the following order, the Block Design 
subtest (WPPSI-III), the DCCS, the Prohibited Toy protocol, the 
BDS and the ToH. The childcare provider and the participating 
children received a book to thank them for their participation. 

RESULTS 

Table 2 presents the descriptive results for all the measures: (1) 
PS, evaluated using the five scales of the PSCS-P (conversational 
complexity, talkativeness, assertiveness, communicative control 
and responsiveness), (2) EF, assessed through measures of self- 
control, inhibition, WM, flexibility and planning and (3) IQ, 
estimated based on measures of receptive vocabulary and visuo- 
constructive abilities. In order to determine the distribution of 
participants across these measures, their scores were divided into 
three categories: low, medium and high. It should be noted that 
the children's PS, EF, and IQ scores were generally fairly well- 
distributed across these different categories. However, 71% of the 
children were assigned a medium flexibility score on the DCCS, 



Table 2 | Descriptive statistics for the executive function (EF), intellectual quotient (IQ), and pragmatics skills (PS) measures. 



Constructs Measures Range Min-max Scores distribution (%) Means SD 



Low Medium High 





Conversational complexity 


PSCS-P 


0-4 


0.08-1.47 


33 


34 


33 


0.77 


0.34 


Talkativeness 


PSCS-P 


0-3 


0.34-1.63 


33 


34 


33 


0.91 


0.32 


Assertiveness 


PSCS-P 


0-3 


0.45-2.56 


33 


34 


33 


1.51 


0.52 


Communicative control 


PSCS-P 


0-2 


1.73-2.00 


33 


34 


33 


1.88 


0.07 


Responsiveness 


PSCS-P 


0-2 


1.56-2.00 


31 


38 


30 


1.84 


0.09 


EF 


















Self-control 


Forbidden toy 


0-1 


0-1 


66 




34 


0.61 


0.49 


Inhibition 


Towers of hano'i 3 


0-1 


0.14-0.92 


31 


36 


30 


0.52 


0.23 


Working memory 


Backward digit span 


1-5 


1-4 


44 


31 


24 


1.82 


0.83 


Flexibility 


DCCS 


1-3 


1-3 


17 


71 


11 


1.94 


0.54 


Planning 


Towers of hano'i b 


0-36 


0-32 


33 


34 


33 


15.29 


8.37 


IQ ESTIMATE 


Vocabulary 


PPVT-R (French version) 


0-175 


23-93 


33 


34 


33 


60.59 


18.24 


Visuoconstructive abilities 


Block design (WPPSI-III) 


0-40 


18-32 


37 


23 


40 


24.08 


3.03 



Raw scores are presented. 

8 Number of illegal moves over the total number of trials played. 
b Problem resolution scores. 
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which means that this measure showed very low interindividual 
variability. 

Prior to all inferential statistics, transformations were made 
to the data to reduce the inconvenience caused by missing data 
when administering the EF tests. These missing data (4.5%) were 
replaced by an algorithm of Expectation Maximization (EM) by 
calculating the expected scores based on the results of the other 
EF scores. This method was chosen because the missing data 
were randomly distributed across the various measures [MCAR 
Chi2 (8) = 14.35, p > 0.05] (Ervin-Tripp, 1978). In addition, 
one subject had a multivariate extreme value, detected by cal- 
culating the Mahalanobis D2. This subject's results on the ToH 
were very abnormal and thus were replaced by an EM algorithm 
using the results of the other EF tests. Moreover, some of the vari- 
ables of the PSCS-P were not normally distributed. Logarithmic 
transformations were performed to normalize the "breakdown 
repairs," "non-interruption," "contingency," and "utterance clar- 
ity" variables. The "abstraction level of themes" variable was 
dichotomized based on the presence or absence of at least one 
decontextualized theme during the exchange. 

Before addressing the main objective of this study, Pearson 
correlations performed in order to present the link between the 
sociodemographics characteristics, namely, age, gender, house- 
hold income and education of the mother, and our measure- 
ments. These correlations, presented in Table 3, show that mother 
education has the strongest relation with children performance 
on the measure of PS, EF, and IQ (ranging from r = —0.10, 
p > 0.05 to r = 0.32, p < 0.01). Both age and income corre- 
late significantly with vocabulary (respectively r = 0.26, p < 0.05 
and r = 0.36, p < 0.01) and planning (respectively r = 0.33, p < 
0.01 and r = 0.30, p < 0.05) for instance. On the other hand, 
gender is only significantly associated with talkativeness (r = 



Table 3 | Pearson correlations between sociodemographic 
characteristics and executive functions (EF), intellectual quotient (IQ), 
and pragmatics skills (PS) measures. 

Age (month) Gender Income Mother's 

education 



PS 



Complexity 


-0.07 


0.17 


-0.05 


0.31* 


Talkativeness 


-0.14 


0.27* 


-0.18 


0.15 


Assertiveness 


-0.22 


0.05 


0.04 


0.28* 


Communicative control 


0.08 


0.07 


-0.02 


-0.10 


Responsiveness 


0.17 


0.18 


-0.19 


-0.07 


EF 


Self-control 


0.02 


-0.15 


-0.02 


-0.09 


Inhibition 


0.23 


-0.10 


0.25* 


0.14 


Working memory 


0.12 


0.06 


0.05 


0.27* 


Flexibility 


0.32** 


0.10 


0.24 


0.32** 


Planning 


0.33** 


-0.02 


0.30* 


0.30* 


IQ ESTIMATED 


Vocabulary 


0.26* 


0.15 


0.36** 


0.19 


Visuoconstructive 


0.15 


0.22 


0.02 


0.28* 


*p < 0.05, **p < 0.07. 



0.27, p < 0.05), indicating that boys are more talkative than 
girls. 

As for the inferential statistics, Table 4 presents the Pearson 
correlations performed to determine what role self-control, inhi- 
bition, flexibility, WM, planning and the EF composite score (sum 
of all EF measures except flexibility) played in the children's PS. In 
order to determine whether the contribution of EF to PS was sig- 
nificantly different from that of IQ to PS, differences among the 
correlation coefficients were tested using the Fisher z transforma- 
tion formula proposed by Meng et al. ( 1992). On the whole, these 
analyses showed that EF correlated with PS differently than IQ for 
2 of the 5 scales in the PSCS-P and 3 of the 14 associated variables 
(see Table 4). 

These correlation results are presented in more detail accord- 
ing to each of the five categories of PS: conversational com- 
plexity, talkativeness, assertiveness, communicative control and 
responsiveness. With respect to conversational complexity, no 
relationship between EF and PS was strong enough to reach the 
significance threshold. However, the conversational complexity 
scale (z = 2.10, p < 0.05) and its variable related to the level 
of organization of the information in the utterances (z = 2.38, 
p < 0.05) correlated significantly differently with EF than with 
IQ. Specifically, the EF correlation showed a negative tendency 
with regard to these PS, whereas the IQ correlation showed a pos- 
itive tendency. Although the EF and IQ correlations with these PS 
were not significant, the fact that they went in opposite directions 
resulted in a significant difference. 

Regarding talkativeness, both the EF composite score and 
inhibition were associated with a decrease in the talkativeness 
scale (r = —0.24 and —0.28, p < 0.05). They were also related 
to a decrease in the variable of this scale measuring the num- 
ber of utterances per speaking turn (r = —0.28, p < 0.05 and 
r = —0.40. p < 0.01). Moreover, self-control was related to a 
reduction in the number of words per minute, at a marginally sig- 
nificant level (r = —0.24, p < 0.06). For talkativeness (z = 2.04, 
p < 0.05) and number of utterances per speaking turn only (z = 
3.02, p < 0.01), the strength of the EF correlation coefficients 
differed significantly from the strength of the IQ correlation coef- 
ficients. In fact, IQ was related to an increase in these three PS, 
but did not make a significant contribution to them. 

Furthermore, assertiveness yielded a similar correlation pat- 
tern to talkativeness and conversational complexity. Again, 
EF showed a more negative tendency, whereas IQ showed a 
more positive correlation with PS in general. WM was corre- 
lated significantly with a reduction in the number of requests 
(r = —0.25, p < 0.05). Three other marginally significant rela- 
tionships involving EF were also found, all of them being negative. 
One of these relationships showed that the EF composite score 
was correlated with the assertiveness scale (r = — 0.23, p < 0.06). 
The other two showed that self-control was related to a reduction 
in the number of communication breakdown repairs (r = —0.24, 
p < 0.06) and a decrease in the assertiveness scale in general 
(r = — 0.23, p < 0.06). Although none of the predictors were sig- 
nificantly correlated with the capacity to initiate conversation, 
the correlation coefficients for EF (r = —0.22, p > 0.05) and IQ 
(r = 0.09, p > 0.05) were significantly different from one another 
(z = 2.17, p < 0.05). Once again, the difference in the direction 
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Table 4 | Pearson correlations between pragmatic skills (PS) and executive functions (EF) and between PS and intellectual quotient (IQ); and 
results of the test of differences between the correlation coefficients for the two relationships. 



PS 






EF 






IQ 




EF a 


IQ b 


rPSxEF # rPSxlQ c 


Scales variables 


Self-control 


Inhibition 


WM 


Flexibility 


Planning 


Vocabulary 


vc 


Z 


(P) 


Conver. complexity 


-0.20 


-0.09 


0.03 


0.20 


-0.10 


0.09 


0.18 


-0.12 


0.18 


2.10 


0.04* 


Turnabout 


-0.12 


-0.07 


0.03 


0.20 


-0.10 


0.05 


0.16 


-0.09 


0.14 


1.61 


0.11 


Organization of utterances 


-0.18 


-0.15 


0.06 


0.10 


-0.05 


0.17 


0.20 


-0.11 


0.23 1 


2.38 


0.02* 


Number of new themes 


-0.20 


-0.07 


0.01 


0.16 


-0.06 


0.12 


0.10 


-0.11 


0.14 


1.75 


0.08 


Abstraction level of themes 


-0.09 


0.03 


0.04 


0.14 


-0.11 


-0.08 


0.12 


-0.04 


0.03 


0.63 


0.53 



Talkativeness 


-0.19 


-0.28* 


-0.09 


0.04 


-0.15 


-0.03 


0.10 


-0.24* 


0.05 


2.04 


0.04* 


Number of words 


-0.24' 


-0.18 


-0.05 


0.07 


-0.15 


0.05 


0.03 


-0.21 


0.05 


1.83 


0.07 


Number of utterances 


-0.14 


-0.09 


-0.02 


-0.04 


-0.04 


-0.17 


0.02 


-0.10 


-0.09 


0.07 


0.94 


Utterances per speaking turn 


-0.10 


-0.40** 


-0.15 


0.07 


-0.18 


0.05 


0.18 


-0.28* 


0.15 


3.02 


0.002** 


Assertiveness 


-0.23 1 


-0.20 


-0.17 


0.14 


-0.08 


-0.01 


0.02 


-0.23 1 


0.01 


1.69 


0.09 


Initiations 


-0.19 


-0.20 


-0.12 


0.16 


-0.15 


0.14 


0.01 


-0.22 


0.09 


2.17 


0.03* 


Requests 


-0.12 


-0.22 


-0.25* 


0.06 


-0.04 


-0.12 


-0.02 


-0.21 


-0.09 


0.85 


0.39 


Breakdown repairs 


-0.24' 


-0.05 


-0.03 


0.11 


-0.01 


-0.05 


0.05 


-0.11 


-01 


0.70 


0.48 



Communicative control 


0.21 


0.15 


0.13 


-0.01 


0.26* 


0.02 


0.01 


0.25* 


0.02 


1.63 


0.10 


Fluidity 


0.30* 


0.30* 


0.25* 


-0.06 


0.31** 


0.17 


0.08 


0.38** 


0.15 


1.69 


0.09 


Non-interruption 


0.02 


-0.07 


-0.05 


0.05 


0.09 


-0.14 


-0.06 


-0.01 


0.13 


0.98 


0.33 


Responsiveness 


-0.04 


0.00 


0.29* 


0.04 


0.00 


-0.06 


0.09 


0.08 


0.02 


0.42 


0.67 


Contingency 


-0.06 


0.03 


0.25* 


0.05 


-0.04 


-0.06 


-0.01 


0.07 


-04 


0.77 


0.44 


Utterance clarity 


-0.02 


-0.03 


0.26* 


0.01 


0.03 


-0.05 


0.17 


0.08 


0.08 


0 


1.00 



VC, visuoconstructive abilities; Conver. Complexity, conversational complexity. 
3 Flexibility was not included in the EF composite score. 

b IQ was estimated using measures of receptive vocabulary and visuoconstructive abilities. 

c Probability that the correlation between EFand PS is significantly different (p < 0.05) from that between IQ and PS using the Meng etal. (1992) method. 
' Marginally significant at p < 0.06, *p < 0.05, and "p < 0.01. 



of the correlation, EF being negative and IQ being positive, helped 
produce a significantly different correlation coefficient between 
the two predictors. 

This difference in the direction of the predictor's relationship 
with PS was not observed for the communicative control and 
responsiveness scales. In fact, both EF and IQ tended to corre- 
late positively with these PS and no correlation coefficient differed 
significantly. As regards communicative control, the most strik- 
ing result was certainly that all of the measures included in the EF 
composite score were correlated with utterance fluidity (r = 0.25, 
p < 0.05 tor = 0.31, p < 0.01). 

As for responsiveness, WM was positively correlated with the 
responsiveness scale (r = 0.29, p < 0.05) and its two variables, 
namely, contingency (r = 0.25, p < 0.05) and utterance clarity 
(r = 0.26, p < 0.05). No other predictor was correlated with the 
responsiveness scale or its variables. 

It should be noted that no significant correlations were found 
between PS and the IQ composite score, or the variables on 
which it was based, namely, vocabulary and visuoconstructive 
abilities. Nevertheless, there was a marginally significant relation- 
ship between IQ and the level of organization of the information 
in the utterances, a variable associated with the conversational 
complexity scale. 



Table 5 | Summary of standard multiple regression analysis for the 
executive functions processes predicting utterance fluidity. 





B 


SEB 


P 


P 


Constant 


0.87 


0.02 






Self-control 


0.03 


0.02 


0.20 


0.15 


Inhibition 


0.02 


0.04 


0.06 


0.72 


Working memory 


0.04 


0.04 


0.15 


0.23 


Planning 


0.03 


0.04 


0.13 


0.43 



Given that more than one EF process correlated with utterance 
fluidity, a standard multiple regression analysis was performed 
between utterance fluidity (VD) and self-control, inhibition, WM 
and planning (VI) to calculate the total percentage of explained 
variance. The four Vis explained 15.2% of the variance associ- 
ated with utterance fluidity [Fr^ 69) = 2.91, p < 0.05]. Table 5 
presents the beta coefficients for each individual predictor, none 
of which made a unique contribution to utterance fluidity. In 
others words, if the other predictors were held constant, none 
of these EF processes would contribute significantly to utterance 
fluidity. 
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Additionally, partial Pearson correlations were performed in 
order to control for the sociodemographics characteristics in the 
relationship between PS, EF, and IQ. Table 6 presents Pearson 
correlations without others variables accounted for, and the par- 
tial Pearson correlations controlling, respectively, for age, gender, 
income, and education of the mother. Overall, results show little 
change in the significant level of the correlation after the con- 
trol of the sociodemographics characteristics (those changes are 
highlighted in Table 6). In few instance the correlations became 
non-significants. Those instances involve for the most part the 
correlations implicating WM when controlling for age, gender, 
or income. It important to note that age, gender, and income 
did not make a significant contribution to WM (see Table 3) and 
therefore, the control of those variables seems to have introduced 
noise in the model. In others cases, mostly relating to the control 
of the education of the mother, the correlation significance level 
was raise. 

DISCUSSION 

The objective of this study was to further our understanding of 
the role of EF in the PS displayed by normally developing chil- 
dren while conversing with an adult. EF are generally defined as 
processes involved in new and complex tasks (Lezak et al., 2012), 
as are often social interaction where children most deploy their 
PS. For example, children between 5 and 7 years are likely to 
emit more than ten verbal and non-verbal behaviors to integrate 
a group of peers during play time (Dodge et al., 1986). To express 
these behaviors in a socially appropriate way, it seems logical to 
believe that EF like the capacity to anticipate the reactions of 
other, to plan behavior ahead, to adjust it along the way and to 
inhibit inappropriate behavior are involved. 

Our results show, for instance that higher inhibitory control 
is associated with a decrease in talkativeness. This result could, at 
first glance, appear to be counter intuitive since EF should logi- 
cally assist children with their PS rather than being detrimental to 
them. Nevertheless, our data are consistent with findings show- 
ing an excessive increase in talkativeness among individuals who 
likely have an inhibition deficit, such as children with ADHD 
(Landau and Milich, 1988; Humphries et al, 1994; Bruce et al., 
2006) and patients with frontal lesions (Bernicot and Dardier, 
2001). Arbuckle et al. (2000) revealed a more direct link between 
low inhibitory control and the tendency to provide more redun- 
dant information and be more talkative (marginally significant) 
among older adults (63-95 years) in a referential communication 
task. These authors alleged that poorer inhibitory skills could be 
associated with the intrusion of unnecessary information. It is a 
well-known finding that inhibitory control is needed to refrain 
from committing an intrusion error, for example, by retrieving 
the wrong word in a memory task (Levy and Anderson, 2002). In 
our study, children who made a greater number of illegal moves in 
the ToH task had a tendency to produce more than one utterance 
per speaking turn. This result was one of the more substantial 
effects found, as approximately 16% of the explained variance in 
the number of utterances per speaking turn could be accounted 
for by inhibitory control. It may be that children with higher inhi- 
bition skills are better at refraining from speaking more than is 
necessary, in this case, producing more than one utterance before 



their interlocutor started to speak again. In this sense, the rules 
of communication (e.g., respecting speaking turns) may act like 
the rules of a neuropsychological test such as the ToH. Between 
the age 2 and 4, Pellegrini et al. demonstrated that children 
tend to violate less frequently Gricean principles stipulating, for 
instance that an intervention should bring enough information, 
but not more than necessary (Grice, 1975). Thus, the decreased 
in talkativeness might perhaps indicate an increasing in the ability 
to follow this principal. 

Another result was even more unexpected. Indeed, our data 
show marginally significant correlations between higher self- 
control ("hot" inhibition) and a decrease in the assertiveness 
scale and a reduction in the number of communication break- 
down repairs. This was also a counter intuitive result since our 
measure of assertiveness was constructed as a positive concept. 
Notwithstanding, this result could be consistent with data show- 
ing that a lack of inhibition may lead to aggressive behavior 
(Raaijmakers et al., 2008), which could be viewed as a rare and 
high amplitude subclass of assertive behavior (Patterson et al., 
1967; Ostrov et al., 2006). Of course, correcting the interlocutor's 
miscomprehension does not correspond to an aggressive behavior 
because it does not harm this person in any way. 

Yet, it is important to recall that the participants in our study 
were asked to interact with a research assistant with whom they 
were unfamiliar. Typically, children are much more reserved with 
an adult with whom they are not acquainted, which may tend 
to reduce their overall level of assertiveness. In fact, Bishop 
et al. (1994) showed that, compared to children with Semantic- 
Pragmatic Disorder, normally developing children had a slightly 
greater tendency (although not significant, p = 0.09) to initiate 
conversation with a familiar adult than with an unfamiliar one. 
This means that a low degree of assertiveness with an unfamiliar 
adult could be a sign of better PS, meaning that the child is able to 
adapt to the context of the situation. In our observational proto- 
col, the examiner asked the child what color of grapes he wanted 
and then gave him the other color on purpose. This procedure was 
used to see whether the child would repair the communication 
breakdown. As said previously, children with better self-control 
tended to refrain from correcting the research assistant. If we con- 
sider the perspective of a 4 year-old child meeting an unfamiliar 
adult, it is easy to see why the child might be intimidated by the 
adult and refrain from correcting him. On the other hand, a child 
with low self-control may be more inclined to act the same way 
in any situation, and thus be more likely to correct the research 
assistant as he would do with a friend. Consequently, self-control 
may help children refrain from overly asserting themselves when 
the situation precludes it. Also, we did not take into account the 
manner used to correct the adult. Future research is needed to 
evaluate the relationship between the quality of assertiveness and 
EF, as opposed to the quantity measure used in our study. 

Moreover, the above-mentioned negative correlations between 
inhibition and talkativeness and between self-control and 
assertiveness lead us to question the linear design of these scales, 
which presume that a higher score is always better. It may instead 
be that the ideal level of talkativeness and assertiveness is mod- 
erate, neither too high nor too low. Thus, the child should try to 
adapt to his interlocutor by speaking about the same amount as 
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Table 6 | Partial Pearson correlations between pragmatics skills (PS) and executive functions (EF) and intellectual quotient (IQ) controlling for 
age, gender, income, and education of the mother. 



PS 


Variables control for 






EF 






IQ 




Scales variables 




SC 


Inhi 


WM 


Flex 


Plan 


Voca 


vc 


Complexity 


No 


-0.20 


-0.09 


0.03 


0.20 


-0.10 


0.09 


0.18 




Age 


-0.15 


-0.05 


0.09 


0.21 


-0.11 


0.08 


0.21 




Gender 


-0.13 


-0.04 


0.06 


0.20 


-0.11 


0.05 


0.18 




1 ncome 


on 


n 01 

U.U I 


0 19 

U. I O 


O 9R* 
U.ZD 


0 OR 
— U.UD 


0 19 
U. I o 


O 1Q 

u. i y 




Educ. 


-0.13 


-0.07 


0.00 


0.19 


-0.19 


0.03 


0.12 


Turnabout 


No 


-0.12 


-0.07 


0.03 


0.20 


-0.10 


0.05 


0.16 




Age 


-0.09 


-0.02 


0.09 


0.22 


-0.07 


0.07 


0.19 




Gender 


-0.07 


-0.04 


0.03 


0.19 


-0.10 


0.02 


0.14 




1 ncome 


o oq 


n 01 

U.U I 


0 19 
U. I Z 


O 9R* 
U.ZD 


0 07 
— U.U / 


0 1A 
U. I H 


O 1Q 

u. i y 




Educ. 


-0.07 


-0.07 


-0.03 


0.20 


-0.18 


0.02 


0.10 


Organization of utterances 


No 


-0.18 


-0.15 


0.06 


0.10 


-0.05 


0.17 


0.20 




Age 


-0.13 


-0.10 


0.12 


0.12 


-0.01 


0.19 


0.22 




Gender 


-0.12 


-0.11 


0.08 


0.10 


-0.04 


0.15 


0.19 




1 ncome 


o oq 

— U.U3 


n 01 

— U.U I 


O 1A 
U. I H 


O 1 Q 

u. i y 


0 07 
U.U / 


0 99 
U.ZZ 


O 1fi 
U. I D 




Educ. 


-0.11 


-0.13 


0.00 


0.10 


-0.14 


0.13 


0.11 


Number of new themes 


No 


-0.20 


-0.07 


0.01 


0.16 


-0.06 


0.12 


0.10 




Age 


-0.16 


-0.07 


0.03 


0.17 


-0.10 


0.09 


0.11 




Gender 


-0.16 


-0.06 


0.05 


0.17 


-0.07 


0.10 


0.13 




1 ncome 


o 1 r 

— U. I o 


o oa 

— U.U^f 


O OR 
U.UO 


O 99 
U.ZZ 


0 OQ 

— u.uy 


0 OQ 

u.uy 


O 10 
U. IU 




Educ. 


-0.14 


-0.06 


-0.03 


0.17 


-0.15 


0.07 


0.03 


Abstraction level of themes 


No 


-0.09 


0.03 


0.04 


0.14 


-0.11 


-0.08 


0.12 




Age 


-0.07 


0.04 


0.02 


0.13 


-0.13 


-0.11 


0.10 




Gender 


-0.05 


0.06 


0.02 


0.13 


-0.10 


-0.11 


0.08 




1 ncome 


n or 

— U.UO 


o 07 

U.U / 


O 10 
U. I u 


0 11 
U. I I 


0 OQ 

— u.uy 


0 OR 
— U.UO 


O 1A 
U. 1*4 




Educ. 


-0.07 


0.04 


0.04 


0.10 


-0.12 


-0.11 


0.12 


Talkativeness 


No 


-0.19 


-0.28* 


-0.09 


0.04 


-0.15 


-0.03 


0.10 




Age 


-0.17 


-0.25* 


-0.04 


0.06 


-0.12 


-0.01 


0.12 




Gender 


-0.14 


-0.25* 


-0.11 


0.03 


-0.16 


-0.08 


0.05 




1 ncome 


n io 
— U. 1 o 


n 90 
— u.zu 


O 09 

u.uz 


O 1A 
U. 1 4 


0 10 
— U. I u 


0 10 
U. I u 


O 19 
U. I o 




Educ. 


-0.16 


-0.27* 


-0.12 


0.09 


-0.18 


-0.03 


0.07 


Number of words 


No 


-0.24 


-0.18 


-0.05 


0.07 


-0.15 


0.05 


0.03 




Age 


-0.21 


-0.14 


0.01 


0.09 


-0.12 


0.07 


0.06 




Gender 


-0.19 


-0.16 


-0.06 


0.06 


-0.15 


0.01 


-0.01 




1 ncome 


— u.zz 


o m 

— U. I u 


O OA 


n IQ 

U. 1 O 


0 OP 
— U.UO 


0 1 Q 

u. i y 


O OR 
U.UO 




Educ. 


-0.21 


-0.19 


-0.11 


0.11 


-0.21 


0.05 


-0.02 


Number of utterance 


No 


-0.14 


-0.09 


-0.02 


-0.04 


-0.04 


-0.17 


0.02 




Age 


-0.14 


-0.07 


0.02 


-0.02 


-0.01 


-0.16 


0.04 




Gender 


-0.11 


-0.08 


-0.04 


-0.05 


-0.04 


-0.21 


-0.03 




r\ r~fi o 


n 17 


—0 03 


0 07 


n nQ 


0 04 


—0 03 


0 07 




Educ. 


-0.15 


-0.12 


-0.09 


0.03 


-0.07 


-0.16 


0.00 


Utterances per speaking turn 


No 


-0.10 


-0.40** 


-0.15 


0.07 


-0.18 


0.05 


0.18 




Age 


-0.07 


-0.38** 


-0.12 


0.08 


-0.17 


0.06 


0.20 




Gender 


-0.05 


-0.38** 


-0.16 


0.06 


-0.18 


0.01 


0.15 




Income 


-0.05 


-0.37** 


-0.06 


0.07 


-0.19 


0.09 


0.20 




Educ. 


-0.04 


-0.36** 


-0.10 


0.08 


-0.17 


0.03 


0.19 



(Continued) 
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Table 6 | Continued 



PS Variables control for EF IQ 



Scales variables SC Inhi WM Flex Plan Voca VC 



Assertiveness 


No 


-0.23 


-0.20 


-0.17 


0.14 


-0.08 


-0.01 


0.02 




Age 


-0.20 


-0.15 


-0.08 


0.17 


-0.03 


0.02 


0.06 




Gender 


-0.19 


-0.19 


-0.14 


0.14 


-0.09 


-0.04 


0.03 




Income 


-0.21 


-0.19 


-0.16 


0.20 


-0.12 


-0.03 


0.02 




Educ. 


-0.20 


-0.24 


-0.27* 


0.14 


-0.20 


-0.08 


-0.06 


Initiation 


No 


-0.19 


-0.20 


-0.12 


0.16 


-0.15 


0.14 


0.01 




Age 


-0.14 


-0.17 


-0.07 


0.18 


-0.14 


0.14 


0.02 




Gender 


-0.14 


-0.18 


-0.09 


0.17 


-0.16 


0.12 


0.01 




Income 


-0.14 


-0.16 


-0.06 


0.21 


-0.14 


0.18 


0.01 




Educ. 


-0.14 


-0.20 


-0.15 


0.17 


-0.21 


0.11 


-0.04 


Requests 


NO 


—0.12 


—0.22 


—0.25* 


0.06 


—0.04 


—0.12 


—0.02 




Age 


-0.10 


-0.18 


-0.16 


0.10 


0.04 


-0.08 


0.03 




Gender 


-0.10 


-0.23 


-0.22 


0.07 


-0.05 


-0.13 


0.01 




Income 


-0.14 


-0.21 


-0.20 


0.10 


-0.07 


-0.09 


0.01 




Educ. 


-0.11 


-0.25* 


-0.31* 


0.07 


-0.11 


-0.18 


-0.05 


Breakdown repairs 


No 


-0.24 


-0.05 


-0.03 


0.11 


-0.01 


-0.05 


0.05 




Age 


-0.22 


-0.01 


0.04 


0.13 


0.03 


-0.02 


0.09 




Gender 


-0.21 


-0.04 


-0.02 


0.10 


-0.02 


-0.07 


0.05 




Income 


-0.23 


-0.09 


-0.12 


0.16 


-0.08 


-0.17 


0.03 




Educ. 


-0.23 


-0.10 


-0.17 


0.08 


-0.15 


-0.12 


-0.05 



Communicative control 



No 


0.21 


0.15 


0.13 


-0.01 


0.26* 


0.02 


0.01 


Age 


0.18 


0.14 


0.09 


-0.02 


0.28* 


0.02 


-0.01 


Gender 


0.20 


0.16 


0.08 


-0.02 


0.28* 


0.02 


-0.03 


Income 


0.20 


0.16 


0.12 


-0.05 


0.30* 


0.01 


-0.02 


Educ. 


0.20 


0.17 


0.15 


-0.04 


0.32** 


0.03 


0.00 



Fluidity 



No 


0.30* 


0.30* 


0.25* 


-0.06 


0.31** 


0.17 


0.08 


Age 


0.28* 


0.29* 


0.23 


-0.07 


0.33** 


0.19 


0.06 


Gender 


0.29* 


0.30* 


0.22 


-0.07 


0.32** 


0.18 


0.05 


Income 


0.32* 


0.32* 


0.20 


-0.04 


0.39** 


0.17 


0.04 


Educ. 


0.29* 


0.32* 


0.26* 


-0.04 


0.37** 


0.22 


0.08 



Non-interruption 


No 


0.02 


-0.07 


-0.05 


0.05 


0.09 


-0.14 


-0.06 




Age 


-0.01 


-0.09 


-0.10 


0.04 


0.08 


-0.15 


-0.08 




Gender 


0.00 


-0.07 


-0.09 


0.04 


0.10 


-0.14 


-0.10 




Income 


-0.01 


-0.08 


-0.02 


-0.04 


0.06 


-0.17 


-0.07 




Educ. 


0.01 


-0.06 


-0.04 


-0.02 


0.11 


-0.18 


-0.08 



Responsiveness 



No 


-0.04 


0.00 


0.29* 


0.04 


0.00 


-0.06 


0.09 


Age 


-0.04 


-0.04 


0.27* 


0.02 


-0.07 


-0.12 


0.07 


Gender 


-0.02 


0.02 


0.29* 


0.03 


0.00 


-0.09 


0.06 


Income 


-0.04 


0.08 


0.37** 


0.10 


0.05 


-0.01 


0.08 


Educ. 


-0.06 


0.03 


0.36** 


0.12 


0.00 


-0.05 


0.12 



Contingency 



No 


-0.06 


0.03 


0.25* 


0.05 


-0.04 


-0.06 


Age 


-0.05 


-0.01 


0.26* 


0.03 


-0.11 


-0.12 


Gender 


-0.03 


0.04 


0.28* 


0.04 


-0.05 


-0.10 


Income 


-0.07 


0.08 


0.36** 


0.10 


-0.03 


-0.01 


Educ. 


-0.07 


0.04 


0.33** 


0.11 


-0.06 


-0.07 



-0.01 
-0.01 
-0.03 
0.01 
0.02 

(Continued) 
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Table 6 | Continued 



PS Variables control for EF IQ 



Scales variables SC Inhi WM Flex Plan Voca VC 



Utterance clarity 



No 


-0.02 


-0.03 


0.26* 


0.01 


0.03 


-0.05 


0.17 


Age 


-0.02 


-0.06 


0.22 


-0.01 


-0.01 


-0.09 


0.14 


Gender 


0.00 


-0.01 


0.24 


0.00 


0.05 


-0.07 


0.13 


Income 


-0.01 


0.05 


0.23* 


0.08 


0.12 


0.00 


0.14 


Educ. 


-0.03 


0.01 


0.30* 


0.10 


0.07 


-0.02 


0.19 



SC, sefl-control; Inhi, inhibition; WM, working memory; Flex, flexibility; Plan planning; Voca, vocabulary; VC, vioconstructive abilities; Educ, education of the mother. 
The shaded cells indicate a change in the level of significance in the correlations between PS, EE or IQ after controlling the sociodemographic characteristics. 
*p< 0.05, **p< 0.01. 



the latter and acting more thoughtfully, and the child's inhibition 
level may help him to achieve this. 

Furthermore, one of the most impressive findings of this study 
is the involvement of all EF measures (except flexibility 1 ) in the 
production of more fluid utterances. These results corroborate 
those of Engelhardt et al. (2013) showing that inhibition was 
linked to a decrease in dysfluencies among adolescents and adults 
in a sentence production task. According to their study and pre- 
vious others (Berg and Schade, 1992; Dell et al., 1997; Engelhardt 
et al., 2010), inhibition may help reduce the risk of articulating the 
wrong word by inhibiting the competing phrasing. Our data con- 
firm the entanglement of both "hot" (i.e., emotional) and "cool" 
(i.e., cognitive) types of inhibition in utterance fluidity in a more 
natural setting. They also suggest the involvement of WM and 
planning. On the other hand, vocabulary and visuoconstructive 
abilities did contribute significantly to the articulation of fluid 
utterances. Yet, their correlations were not significantly different 
from those between EF and utterance fluidity, meaning that their 
role is not much different. 

Moreover, the children in our study with a high WM capacity 
were more likely to formulate contingent answers and produce 
utterances that could be clearly understood by the interlocu- 
tor. They also had a tendency to make fewer requests. The WM 
or its verbal counterpart, phonological short-term memory, has 
long been suspected to be involved in language comprehension 
and production in general (Bock, 1982; Gathercole and Baddeley, 
1990; Just and Carpenter, 1992). It has been proposed that the 
primary function of phonological short-term memory may be to 
support the long-term learning of the phonological structure of 
language (Baddeley et al., 1998; Gathercole et al., 2005). There is 
evidence of this theory in others studies involving speech samples 
from young children. Indeed, phonological short-term memory 
in 3-4 year old children has been linked to their ability to formu- 
late more complex utterances in terms of the structural aspects 
of language, such as the number of words, syntax and vocab- 
ulary variety (Adams and Gathercole, 1995; Gathercole, 2000). 
Although fewer studies have focused on the social aspect of lan- 
guage, there is nevertheless data demonstrating the involvement 
of WM in PS. For instance, WM has been associated with the 



lr rhis absence of a significant relationship may be caused by a lack of 
interindividual variability, as previously stated. 



interpretation of irony among normally developing children aged 
5-9 years (Filippova and Astington, 2008). This increase in lan- 
guage comprehension, and even social understanding, may help 
children better grasp the situation at hand and consequently 
respond in a more socially appropriate way. 

The negative correlation between WM and the number of 
requests was more surprising, since requests are sometimes 
viewed as a more complex communicative intention (Favre and 
Maeder, 2002). According to our qualitative observations while 
coding the children's utterances, many of their requests had to do 
with comprehension (e.g., "What?"). As previously stated, WM is 
essential for language comprehension. In this sense, children with 
lower WM may have had more difficulty understanding the inter- 
locutor's speech than other children and may therefore have asked 
more questions to improve their comprehension. Future studies 
are needed to confirm this interpretation, especially since we did 
not measure which types of requests WM was related to. 

In sum, EF appear to help preschool children better filter 
speech, control their level of assertiveness, refrain from articulat- 
ing utterances incorrectly and respond in a socially appropriate 
way. Verbal and non-verbal cognitive abilities appear to offer a 
small, but positive contribution to PS. The effect of EF, on the 
other hand, appears to be greater than and not always in the same 
direction as that of IQ. Therefore, EF processes appear to affect 
PS in a unique and specific way, separately from the more global 
affect driven by cognitive maturation. Overall, our results suggest 
that EF play a more important role than IQ in the PS exhibited 
by children in a semi-structured conversational setting. Indeed, 
receptive vocabulary and visuoconstructive skills, which were 
combined to estimate IQ, did not make a significant contribu- 
tion to any PS. Perhaps the new and unpredictable characteristics 
of live social interaction are more likely to involve EF. 

LIMITATIONS 

It is important to note that our results indicate that the influ- 
ence of EF and IQ on pragmatic skills is generally limited. This 
means that a large part of the variance can still be accounted for 
by other factors such as the child's temperament (Coplan and 
Weeks, 2009) or socialization experiences (Bruner, 2002). Yet, 
some studies have found a much larger effect size between EF 
and PS. Douglas (2010), for instance, reported that, among adults 
with severe TBI, as high as 37% of PS variation (evaluated using 
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the La Trobe Communication Questionnaire) could be explained 
by executive functioning. In comparison, the strongest relation- 
ships found in our study were approximately 15% of explained 
variance, less than half of the effect size found by Douglas (2010). 
It could be argued that our sample was composed of a relatively 
homogeneous group of children (all aged between 3;10 and 5;7 
years, typically developing, attending childcare in the same area 
and mostly raised by educated mothers). This homogeneity may 
have reduced the variability in our measures and thus the strength 
of the correlations we were able to obtain. 

The lack of interindividual variability seems to have predom- 
inantly affected the ability to measure the relationship between 
flexibility, as measured using the DCCS, and the other variables. 
Indeed, the flexibility score could not discriminate between the 
children in our sample (71% of the children had the same score) 
and did not correlate significantly with the other variables in 
our study. It would therefore be pertinent in the future to use 
more sensitive measures of flexibility to differentiate between 
different levels of cognitive flexibility among 4-5 year old chil- 
dren. Monette and Bigras (2008) have suggested that Hughes' 
(1998) set-shifting task and the Trail Making Test for preschool- 
ers (Espy and Cwik, 2004) could serve as alternatives to the 
DCCS, particularly for typically developing children in this age 
group. Future research could alternatively use a more widespread 
aged group to increase the interindividual variability of this 
measure. 

It is also necessary to recall the exploratory nature of this study. 
A large number of statistical analyzes were performed, which has 
the effect of increasing the probability of a family-wise error rate. 
Further studies are needed to replicate these results, especially 
since this is the first study to have used the PSCS-P to examine the 
link between PS and EF. In addition, the EF tests used in this study 
did not come from commercialized tools since few such tools 
are available for preschoolers (Monette and Bigras, 2008). More 
research should be conducted to develop and validate EF mea- 
sures for children in this age group. We should also specify that 
our results came from a single measurement time, thus making it 
impossible to study the effect of EF on the development of prag- 
matics. A longitudinal study using multiple time points would 
make it possible to examine the cognitive factors underlying the 
acquisition of pragmatics. 

CONCLUSION 

To conclude, research into the cognitive factors that contribute to 
the acquisition of pragmatics among children is in the beginning 
stages. Further research involving normally developing children 
is needed in order to better understand how children acquire 
pragmatic skills, an ability that is essential to their social develop- 
ment and academic achievement (Ervin-Tripp, 1978; Black and 
Hazen, 1990; Lemelin and Boivin, 2007; McKown, 2007; Coplan 
and Weeks, 2009; Brinkman et al, 2013). 

ACKNOWLEDGMENTS 

This research was supported by grants awarded by the CRSH 
(Canada), FQRSC (Canada), and the PAFARC (UQAM, Canada). 
We thank the children and the childcare center for their partici- 
pation in the study. 



REFERENCES 

Adams, A. M., and Gathercole, S. E. (1995). Phonological working mem- 
ory and speech production in preschool children. /. Speech Hear. Res. 
38, 403. 

Adams, C. (2002). Practitioner review: the assessment of language prag- 
matics. /. Child Psychol. Psychiatry 43, 973-987. doi: 10.1111/1469-7610. 
00226 

Ahonniska, J., Ahonen, X, Aro, T., and Lyytinen, H. (2000). Suggestions for 

revised scoring of the tower of hanoi test. Assessment 7, 311-319. doi: 

10.1177/107319110000700309 
Arbuckle, T. Y., Nohara-Leclair, M., and Pushkar, D. (2000). Effect of off-target 

verbosity on communication efficiency in a referential communication task. 

Psychol. Aging 15, 65. doi: 10.1037/0882-7974.15.1.65 
Baddeley, A., Gathercole, S., and Papagno, C. (1998). The phonological loop as 

a language learning device. Psychol. Rev. 105, 158-173. doi: 10.1037/0033- 

295X.105. 1.158 

Berg, T., and Schade, U. (1992). The role of inhibition in a spreading- activation 
model of language production. I. The psycholinguistic perspective. /. Psychol. 
Res. 21,405-434. 

Bernicot, J., and Dardier, V. (2001). Communication deficits: assessment of subjects 
with frontal lobe damage in an interview setting. Int. J. Lang. Commun. Disord. 
36, 245-263. doi: 10.1080/13682820010019937 

Bishop, D., Hartley, J., and Weir, F. (1994). Why and when do some language- 
impaired children seem talkative? A study of initiation in conversations of 
children with semantic-pragmatic disorder. /. Autism Dev. Disord. 24, 177-197. 
doi: 10.1007/BF02172095 

Bishop, D. V. M., and Adams, C. (1991). What do referential communication 
tasks measure? A study of children with specific language impairment. Appl. 
Psycholinguist. 12, 199-215. doi: 10.1017/S0142716400009140 

Bishop, D. V. M., and Norbury, C. F. (2005). Executive functions in children 
with communication impairments, in relation to autistic symptomatology I: 
generativity. Autism 9, 7-27. doi: 10.1177/1362361305049027 

Black, B., and Hazen, N. L. (1990). Social status and patterns of communication 
in acquainted and unacquainted preschool children. Dev. Psychol. 26, 379-387. 
doi: 10.1037/0012-1649.26.3.379 

Blair, C, Zelazo, P. D., and Greenberg, M. T. (2005). The measurement of 
executive function in early childhood. Dev. Neuropsychol. 28, 561-571. doi: 
10.1207/sl5326942dn2802_l 

Bock, J. K. (1982). Toward a cognitive psychology of syntax: information pro- 
cessing contributions to sentence formulation. Psychol. Rev. 89, 1-47. doi: 
10.1037/0033-295X.89.1.1 

Bonifacio, S., Girolametto, L., Bulligan, M., Callegari, M., Vignola, S., and 
Zocconi, E. (2007). Assertive and responsive conversational skills of Italian- 
speaking late talkers. Int. J. Lang. Commun. Disord. 42, 607-623. doi: 
10.1080/13682820601084386 

Brinkman, S., Gregory, X, Harris, J., Hart, B., Blackmore, S., and Janus, M. (2013). 
Associations between the early development instrument at age 5, and reading 
and numeracy skills at ages 8, 10 and 12: a prospective linked data study. Child 
Indie. Res. 6, 695-708. doi: 10.1007/sl2187-013-9189-3 

Bruce, B., Thernlund, G., and Nettelbladt, U. (2006). ADHD and language impair- 
ment: a study of the parent questionnaire FTF (Five to Fifteen). Eur. Child 
Adoles. Psychiatry 15, 52-60. doi: 10.1007/s00787-006-0508-9 

Bruner, J. S. (2002). Comment les Enfants Apprennent a Parler. Paris: Retz. 

Carpenter, M., Nagell, K., and Tomasello, M. (1998). Social cognition, joint atten- 
tion, and communicative competence from 9 to 15 months of age. Monogr. Soc. 
Res. Child Dev. 63, 176. doi: 10.2307/1166214 

Channon, S., and Watts, M. (2003). Pragmatic language interpretation after closed 
head injury: Relationship to executive functioning. Cogn. Neuropsychiatry 8, 
243-260. doi: 10.1080/135468000344000002 

Coplan, R. J., and Weeks, M. (2009). Shy and soft-spoken: shyness, pragmatic lan- 
guage, and socio -emotional adjustment in early childhood. Infant Child Dev. 18, 
238-254. doi: 10.1002/icd.622 

Creaghead, N. (1984). Strategies for evaluating and targeting pragmatic behav- 
iors in young children. Semin. Speech Lang. 5, 241-252. doi: 10.1055/s-0028- 
1085181 

Dardier, V., Bernicot, J., Delanoe, A., Vanberten, M., Fayada, C, Chevignard, M., 
et al. (2011). Severe traumatic brain injury, frontal lesions, and social aspects 
of language use: a study of French-speaking adults. /. Commun. Disord. 44, 
359-378. doi: 10.1016/j.jcomdis.2011.02.001 



Frontiers in Psychology | Developmental Psychology 



March 2014 | Volume 5 | Article 240 | 12 



Blain-Briere et al. 



Pragmatics and executive functions 



Davis, H. L., and Pratt, C. (1995). The development of children's theory of 
mind: the working memory explanation. Aust. J. Psychol 47, 25-31. doi: 
10. 1080/00049539508258765 

Dell, G. S., Burger, L. K., and Svec, W. R. (1997). Language production and 
serial order: a functional analysis and a model. Psychol. Rev. 104, 123. doi: 
10.1037/0033-295X.104.1.123 

Dodge, K. A., Pettit, G. S., McClaskey, C. L., Brown, M. M., and Gottman, J. M. 
(1986). Social competence in children. Monogr. Soc. Res. Child Dev. 51, i-85. 
doi: 10.2307/1165906 

Douglas, J. M. (2010). Relation of executive functioning to pragmatic outcome fol- 
lowing severe traumatic brain injury. /. Speech Lang. Hear. Res. 53, 365-382. doi: 
10.1044/1092-4388(2009/08-0205) 

Dunn, J., and Kendrick, C. (1982). The speech of two- and three-year-olds to 
infant siblings: 'baby talk' and the context of communication. /. Child Lang. 
9, 579-595. doi: 10.1017/S030500090000492X 

Dunn, L. M., Theriault-Whalen, C. M., and Dunn, L. M. (1993). Echelle 
de Vocabulaire en Images Peabody. Adaptation Francaise du Peabody Picture 
Vocabulary Test-Revised. Toronto, ON: PSYCAN. 

Engelhardt, P. E., Corley, M., Nigg, J., and Ferreira, E (2010). The role of inhi- 
bition in the production of disfluencies. Mem. Cognit. 38, 617-628. doi: 
10.3758/MC.38.5.617 

Engelhardt, P. E., Nigg, J. T, and Ferreira, F. (2013). Is the fluency of lan- 
guage outputs related to individual differences in intelligence and execu- 
tive function? Acta Psychol. (Amst.) 144, 424-432. doi: 10.1016/j.actpsy.2013. 
08.002 

Ervin-Tripp, S. M. (1978). Some features of early child-adult dialogues. Lang. Soc. 
7, 357-373. doi: 10.1017/S0047404500005777 

Ervin-Tripp, S. M., Guo, J., and Lampert, M. (1990). Politeness and persua- 
sion in children's control acts. /. Pragmat. 14, 307-331. doi: 10.1016/0378- 
2166(90)90085-R 

Espy, K. A., and Cwik, M. F. (2004). The development of a trial making 
test in young children: the TRAILS-P. Clin. Neuropsychol. 18, 411-422. doi: 
10.1080/138540409052416 

Fagan, J. E, Holland, C. R., and Wheeler, K. (2007). The prediction, 
from infancy, of adult IQ and achievement. Intelligence 35, 225-231. doi: 
10.1016/j.intell.2006.07.007 

Favre, C. P., and Maeder, P. (2002). Actes de Langage et Reconnaissance D'intention: 
la Logique Interlocutoire Appliquee a Des Conversations Avec Une Patiente 
Souffrant de Lesions Bifrontales Traumatiques. Paris: Editions L'Harmattan. 

Filippova, E., and Astington, J. W. (2008). Further development in social reason- 
ing revealed in discourse irony understanding. Child Dev. 79, 126-138. doi: 
10.1 1 1 1/j. 1467-8624.2007.01 1 15.x 

Gathercole, S. E. (2000). Limitations in working memory: implications for 
language development. Int. J. Lang. Commun. Disord. 35, 95-116. doi: 
10.1080/136828200247278 

Gathercole, S. E., and Baddeley, A. D. (1990). Phonological memory deficits in 
language disordered children: Is there a causal connection? /. Mem. Lang. 29, 
336-360. doi: 10.1016/0749-596X(90)90004-J 

Gathercole, S. E., Tiffany, C., Briscoe, J., and Thorn, A. (2005). Developmental con- 
sequences of poor phonological short-term memory function in childhood: a 
longitudinal study. /. Child Psychol. Psychiatry 46, 598-61 1. doi: 10.1 1 1 1/j. 1469- 
7610.2004.00379.x 

Grice, H. P. (1975). "Logic and conversation," in Studies in Syntax, Vol. 3: 
Speech Acts, eds P. Cole and J. L. Morgan (New York, NY: Academic Press), 
41-58. 

Hongwanishkul, D., Happaney, K. R., Lee, W. S., and Zelazo, P. D. (2005). 
Assessment of hot and cool executive function in young children: Age- 
related changes and individual differences. Dev. Neuropsychol. 28, 617-644. doi: 
10.1207/sl5326942dn2802_4 

Hughes, C. (1998). Executive function in preschoolers: links with theory of 
mind and verbal ability. Br. J. Dev. Psychol. 16, 233-253. doi: 10. 1 1 1 l/j.2044- 
835X.1998.tb00921.x 

Humphries, T, Koltun, H., Malone, M., and Roberts, W. (1994). Teacher-identified 
oral language difficulties among boys with attentional problems. /. Dev. Behav. 
Pediatr. 15, 92-98. doi: 10.1097/00004703-199404000-00005 

Jagot, L., Marlier, N., Tissier, A. C, Patin, V., Azouvi, P., Le Mestric, L., et al. 
(2001). "Discours conversationnel et procedural chez le sujet traumatise cranien 
severe: etude conjointe de deux outils d'analyse clinique," in Neuropsychologic et 
pragmatique, ed C. Peter-Favre (Paris: L'Harmattan), 75-108. 



Just, M. A., and Carpenter, P. A. (1992). A capacity theory of comprehension: 
individual differences in working memory. Psychol. Rev. 99, 122-149. doi: 
10.1037/0033-295X.99.1.122 

Landau, S., and Milich, R. (1988). Social communication patterns of 
attention-deficit-disordered boys. /. Abnorm. Child Psychol. 16, 69-81. 
doi: 10.1007/BF00910501 

Lehto, J. E., Juujarvi, P., Kooistra, L., and Pulkkinen, L. (2003). Dimensions of exec- 
utive functioning: evidence from children. Br. J. Dev. Psychol. 21, 59-80. doi: 
10.1348/026151003321164627 

Lemelin, J.-R, and Boivin, M. (2007). Mieux Reussir des la Premiere Annee: 
^importance de la Preparation d Vecole. Quebec: Institut de la Statistique 
Quebec. 

Levy, B. J., and Anderson, M. C. (2002). Inhibitory processes and the con- 
trol of memory retrieval. Trends Cogn. Sci. 6, 299-305. doi: 10.1016/S1364- 
6613(02)01923-X 

Lezak, M. D, Howieson, D. B., Bigler, E. D, and Tranel, D. (2012). 
Neuropsychological Assessment. 5th Edn. New York, NY: Oxford University Press. 

Liszkowski, U., Carpenter, M., Henning, A., Striano, T., and Tomasello, M. (2004). 
Twelve-month-olds point to share attention and interest. Dev. Sci. 7, 297-307. 
doi: 10.1 1 1 1/j. 1467-7687.2004.00349.X 

Martin, I., and McDonald, S. (2003). Weak coherence, no theory of mind, or exec- 
utive dysfunction? Solving the puzzle of pragmatic language disorders. Brain 
Lang. 85, 451-466. doi: 10.1016/S0093-934X(03)00070-1 

Martinez, M. A. (1987). Dialogues among children and between children and their 
mothers. Child Dev. 58, 1035-1043. doi: 10.2307/1130544 

McDonald, S. (2000). Exploring the cognitive basis of right-hemisphere pragmatic 
language disorders. Brain Lang. 75, 82-107. doi: 10.1006/brln.2000.2342 

McDonald, S., andPearce, S. (1996). Clinical insights into pragmatic theory: frontal 
lobe deficits and sarcasm. Brain Lang. 53, 81-104. doi: 10.1006/brln.l996.0038 

McDonald, S., and Pearce, S. (1998). Requests that overcome listener reluctance: 
impairment associated with executive dysfunction in brain injury. Brain Lang. 
61, 88-104. doi: 10.1006/brln.l997.1846 

McKown, C. (2007). Concurrent validity and clinical usefulness of several individ- 
ually administered tests of children's social-emotional cognition. /. Clin. Child 
Adoles. Psychol. 36, 29-41. doi: 10.1080/15374410709336566 

Meng, X.-L., Rosenthal, R., and Rubin, D. B. (1992). Comparing correlated correla- 
tion coefficients. Psychol. Bull. Ill, 172-175. doi: 10.1037/0033-2909.111.1.172 

Monette, S., and Bigras, M. (2008). La mesure des fonctions executives chez les 
enfants d'age prescolaire. Can. Psychol. 49, 323-341. doi: 10.1037/a0014000 

Nilsen, E. S., and Graham, S. A. (2009). The relations between children's com- 
municative perspective-taking and executive functioning. Cogn. Psychol. 58, 
220-249. doi: 10.1016/j.cogpsych.2008.07.002 

Nippold, M. A. (1985). Comprehension of figurative language in youth. Top. Lang. 
Disord. 5, 1-20. doi: 10.1097/00011363-198506000-00004 

Norbury, C. E, Nash, M„ Baird, G., and Bishop, D. V. M. (2004). Using a parental 
checklist to identify diagnostic groups in children with communication impair- 
ment: a validation of the Children's communication checklist-2. Int. J. Lang. 
Commun. Disord. 39, 345-364. doi: 10.1080/13682820410001654883 

Ostrov, J. M., Pilat, M. M., and Crick, N. R. (2006). Assertion strategies and aggres- 
sion during early childhood: a short-term longitudinal study. Early Child. Res. 
Q. 21, 403-416. doi: 10.1016/j.ecresq.2006.10.001 

Owens, R. E. (2011). Language Development: An Introduction. 8th Edn. Upper 
Saddle River, NJ: Pearson Education. 

Ozonoff, S. (2001). 'Advances in the cognitive neuroscience of autism," in 
Handbook of Developmental Cognitive Neuroscience, eds C. A. Nelson and M. 
Luciana (Cambridge, MA: MIT Press), 537-548. 

Patterson, G. R., Littman, R. A., and Bricker, W. (1967). Assertive behavior in chil- 
dren: A step toward a theory of aggression. Monogr. Soc. Res. Child Dev. 32, 1-43. 
doi: 10.2307/1165737 

Pellegrini, A. D., Brody, G. H., and Stoneman, Z. (1987). Children's con- 
versational competence with their parents. Dis. Process. 10, 93-106. doi: 
1 0. 1080/0 163853870954466 1 

Raaijmakers, M. A. J., Smidts, D. P., Sergeant, J. A., Maassen, G. H., Posthumus, J. 
A., Van Engeland, H., et al. (2008). Executive functions in preschool children 
with aggressive behavior: Impairments in inhibitory control. /. Abnorm. Child 
Psychol. 36, 1097-1107. doi: 10.1007/sl0802-008-9235-7 

Rasmussen, C, Talwar, V., Loomes, C, and Andrew, G. (2008). Brief report: Lie- 
telling in children with fetal alcohol spectrum disorder. /. Pediatr. Psychol. 33, 
220-226. doi: 10.1093/jpepsy/jsm069 



www.frontiersin.org 



March 2014 | Volume 5 | Article 240 | 13 



Blain-Briere et al. 



Pragmatics and executive functions 



Reisinger, L. M. (2011). Exploring the Behavioral and Cognitive Profile of Children 

with Autism and Children with Pragmatic Language Impairment. Doctoral 

Dissertations, McGill University. 
Russell, R. L., and Grizzle, K. L. (2008). Assessing child and adolescent 

pragmatic language competencies: toward evidence-based assessments. 

Clin. Child Fam. Psychol. Rev. 11, 59-73. doi: 10.1007/sl0567-008- 

0032-1 

Sachs, J., Donnelly, J., Smith, C, and Bookbinder, J. D. (1991). Preschool children's 

conversation intrusions: behavior and metapragmatic knowledge. Dis. Process. 

14, 357-372. doi: 10.1080/01638539109544790 
Sattler, J. M. (2008). Assessment of Children: Cognitive Foundations 5th Edn. San 

Diego, CA: Jerome M. Sattler Publisher. 
Schuh, J. M. (2012). Pragmatic Language Abilities: Working Memory Influences on 

Mutual Information. Doctoral Dissertations, University of Connecticut. 
Smith, P. K. (2003). "Play and peer relations," in An Introduction to Developmental 

Psychology, eds A. Slater and G. Bremner (Maiden, MA: Blackwell Publishing), 

311-333. 

Spector, C. C. (1996). Children's Comprehension of Idioms in the Context of 
Humor. Lang. Speech Hear. Serv. Sch. 27, 307. 

Wechsler, D. (2002). Wechsler Preschool and Primary Scale of Intelligence, 3rd Edn. 
San Antonio, TX: Psychological Corporation. 

Welsh, M. C, Pennington, B. R, and Groisser, D. B. (1991). A normative- 
developmental study of executive function: a window on prefrontal function 
in children. Dev. Neuropsychol. 7, 131-149. doi: 10.1080/87565649109540483 



Zelazo, P. D. (2006). The dimensional change card sort (DCCS). Nat. Protoc. 1, 
297-301. doi: 10.1038/nprot.2006.46 

Zelazo, P. D., and Miiller, U. (2005). "Hot and cool aspects of executive function: 
relations in early development," in Young Children's Cognitive Development: 
Interrelationships Among Executive Functioning, Working Memory, Verbal Ability, 
and Theory of Mind, eds W. Schneider, R. Schumann-Hengsteler, and B. Sodian 
(Mahwah, NJ: Erlbaum), 71-93. 

Conflict of Interest Statement: The authors declare that the research was con- 
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest. 

Received: 14 January 2014; accepted: 04 March 2014; published online: 20 March 2014. 
Citation: Blain-Briere B, Bouchard C and Bigras N (2014) The role of executive func- 
tions in the pragmatic skills of children age 4-5. Front. Psychol. 5:240. doi: 10.3389/ 
fpsyg.2014.00240 

This article was submitted to Developmental Psychology, a section of the journal 
Frontiers in Psychology. 

Copyright © 2014 Blain-Briere, Bouchard and Bigras. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License (CCBY). 
The use, distribution or reproduction in other forums is permitted, provided the 
original author(s) or licensor are credited and that the original publication in this 
journal is cited, in accordance with accepted academic practice. No use, distribution or 
reproduction is permitted which does not comply with these terms. 



Frontiers in Psychology | Developmental Psychology 



March 2014 | Volume 5 | Article 240 | 14 



